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Identification of objects can occur at different levels of specificity. Depending 
on task and context, an object can be classified at the superordinate level (as an 
animal), at the basic level (a bird) or at the subordinate level (a sparrow). What 
are the interactions between these representational levels and do they rely on 
the same sequential processes that lead to successful object identification? In 
this electroencephalogram study, a task-switching paradigm (covert naming or 
living/non-living judgment) was used. Images of objects were repeated either 
within the same task, or with a switch from a covert naming task to a living 
or non-living judgment and vice versa. While covert naming accesses entry-
level (basic or subordinate), living/non-living judgments rely on superordinate 
classification.  Our  beha-vioural  results  demonstrated  clear  priming  effects 
within both tasks. However, asymmetries were found when task-switching had 
occurred, with facilitation for covert naming but not for categorization. We 
also found lower accuracy and early-starting and persistent enhancements of 
event-related potentials (ERPs) for covert naming, indicating that this task was 
more difficult and involved more intense perceptual and semantic processing. 
Perceptual priming was marked by consistent reductions of the ERP component 
L1 for repeated presentations, both with and without task switching. Additional 
repetition effects were found in early event-related activity between 150-190 ms 
(N1) when a repeated image had been named at initial presentation. We conclude 
 : jasnam@liverpool.ac.uk
PSIHOLOGIJA, 2009, Vol. 42 (), str. 27-46                                                  UDC 59.937.522.072
DOI:0.2298/PSI090027M28
Jasna Martinovic, Thomas Gruber & Matthias M. Müller
that differences in N1 indicate task-related changes in the identification process 
itself.  Such  enhancements  for  covert  naming  again  emerge  in  a  later  time 
window associated with depth of semantic processing. Meanwhile, L1 reflects 
modulations due to implicit memory of objects. In conclusion, evidence was 
found for representational overlap; changes in ERP markers started early and 
revealed cross-task priming at the level of object structure analysis and more 
intense perceptual and semantic processing for covert naming.
Keywords: implicit memory, task-switching, visual object representation, 
EEG, ERPs
INTRODUCTION
Identification of objects can occur at different levels of specificity. Each object 
can be classified at the superordinate level, at the basic level or at the subordinate 
level. For example, the same image could be classified as an animal, a bird or a 
sparrow. In everyday vision, the majority of objects are identified at the basic level 
(apple, bird, car, etc.) except for some very specific exemplars from relatively diverse 
categories, which are identified at the subordinate level (penguin, ostrich, ambulance, 
etc.). This combination of subordinate and basic-level classification generally occurs 
when objects are named in everyday situations (Jolicoeur, et al., 984). Thus, based 
on the requirements of the task at hand and the context in which the object has been 
presented, representation of an object can occur at different levels within the category 
hierarchy. But what are the interactions between these different levels of representation 
and do they rely on the same sequential processes that lead to successful object 
identification?
Priming is an ideal paradigm to explore such relations because it provides an 
indirect measure of representational overlap. In the priming paradigm, developed 
by Bartram (974), categorizing an object for the second time is faster and more 
accurate due to the fact that the representation of the object has already been accessed 
(for an overview, see Palmer, 999). In priming paradigms, repetition suppression of 
neural markers of representational processing can be observed in the event-related 
potentials (ERPs; R. N. Henson, et al., 2004; Penney, et al., 200) and evoked gamma-
band activity (GBA; Gruber & Muller, 2006; but for an opposite finding see Gruber 
& Müller, 2002) of the electroencephalogram (EEG). Such repetition suppression, 
which  also  impacts  on  the  blood-oxygen  level  dependent  (BOLD)  response  in 
functional magnetic resonance imaging (fMRI; Fiebach, et al., 2005; R. Henson, et 
al., 2000), has been described as a general phenomenon of neural coding specificity 
(for an overview, see Grill-Spector, et al., 2006). However, Van Turennout et al. 
(2003) demonstrated in their fMRI study that priming of object-naming involves two 29
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distinct neural mechanisms: ) repetition suppression in bilateral occipito-temporal 
and left inferior frontal structures and 2) repetition enhancement in the left insula and 
basal ganglia. Thus, monitoring the markers of priming in the EEG can demonstrate 
the stage of neural computations at which representations and processes employed by 
naming and categorisation start interacting with each other.
A recent study by Gruber et al (2006) has examined object-related priming 
using task-switching between a categorization (living/non-living) and a perceptual 
judgment task (bigger/smaller than a shoebox). It found that task-switching eliminates 
the behavioural benefits of priming. Meanwhile, ERP suppression effects persisted 
even with a task-switch, indicating that neuronal priming had occurred in structures 
that process perceptual stimulus features. However, Gruber et al. (2006) used two 
very different tasks – a perceptual judgment about object size (bigger/ smaller than 
a shoebox) was contrasted to superordinate classification. One could assume that 
a judgment about an object feature such as size would not require an activation of 
superordinate category knowledge, as it would be unnecessary for successful task 
performance. More precisely - knowing that something is an animal would not be 
helpful in accessing its size, and vice versa, as size tends to vary extensively within 
the same superordinate or basic-level category. For example, while a chihuahua or a 
trout are smaller than a shoebox, a great dane or a tuna would be considerably bigger. 
Additionally, task-switching conditions were collapsed. Thus, it was not possible to 
assess if there was a priming effect of size judgment on categorization, or vice versa. 
Instead, the authors made a conclusion about the impact of task-switching in general 
without looking at possible differences between the two tasks.
A recent behavioural study by Francis et al. (2008) has addressed these questions 
by directly comparing semantic classification (natural/manufactured judgment) with 
overt picture naming. They found priming within and between tasks, with between-task 
priming being symmetric and significantly smaller than the asymmetric within-task 
priming. The authors also found that these priming effects were smaller than cross-
language priming in bilinguals. Thus, the overlap of identification processes occurring 
in the two tasks is likely to be incomplete, with cross-task priming seemingly not 
involving the highest level components of object identification. Indeed, while picture 
classification seems to proceed more easily than word classification, naming is slower 
and more attentionally demanding for pictures than for words (Carr, et al., 982). This 
discrepancy between classification and naming is supported by Tyler et al.’s (2004) 
findings with fMRI that basic-level naming of objects recruits a larger segment of the 
ventral stream than superordinate naming. 
In this study, we undertook to further examine interactions between picture 
categorization and naming, using EEG to identify potential changes in the event-
related indicators of identification and implicit memory processing. In our recent 
studies (Martinovic, et al., 2008a; Martinovic, et al., 2007) we have introduced covert 
naming tasks that are suitable for use with EEG. This has allowed us to examine 
event-related EEG activity elicited by objects whose identity was accessed at entry-
level. However, we have not yet directly contrasted such tasks with categorization, 30
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which has been used in the majority of previous EEG studies and provided crucial 
findings on event-related phenomena in object recognition. In this study, we assessed 
two early (P, 00-40 ms; N, 50-90 ms) and two intermediate ERP components 
(L, 220-300 ms; L2, 360-420 ms). It was expected that both covert naming and living/
non-living categorization would elicit similar early EEG activity (P component), 
which could be ascribed to low-level perceptual processing of the pictures. Possible 
differences between the two tasks were expected at the level of N1, as it reflects 
processes that utilize low-level representations to perform visual discriminations (e.g., 
N is enhanced for subordinate as opposed to basic-level categorisations; Tanaka, et 
al., 999). Further task-related enhancements for covert naming were expected at the 
level of the L2, which reflects the depth of semantic processing (Gruber & Müller, 
2005). A replication of previously found L reductions (Gruber, et al., 2006; Gruber, 
et al., 2004; Gruber & Müller, 2002) for perceptual priming was also expected. 
METHODS
Participants
Twenty participants took part (6 male, aged 9-29 years). They were all healthy, 
right-handed university students and received class credit or a small honorarium for 
participation. Participants reported normal or corrected-to-normal vision and all were 
native speakers of German. None had participated in object recognition studies in 
preceding six months. Individual written informed consent was obtained and the study 
conformed to the Code of Ethics of the World Medical Association.
Materials and Procedure
Stimuli consisted of 380 coloured images of concrete objects taken from a standard 
photographic-quality  picture  library  (Hemera  Photo-Objects  Volume  ,  Hemera 
Technologies, Gatineau, Canada). The images depicted living or non-living entities 
whose German-language name was either of masculine or of feminine grammatical 
gender. The 380 images fully combined, thus providing us with 95 pictures for each 
combination  of  categories:  living/masculine,  living/feminine,  nonliving/masculine 
and non-living/feminine. Stimulus presentation occurred in a random order, which 
was different for each of the participants. 
Stimuli were presented centrally on a 9-inch computer screen with a 70 Hz refresh 
rate that was positioned  meter in front of the participant in a dimly lit soundproof 
testing chamber. Participants first performed a practice block of 70 trials using stimulus 
images from a different set (Rossion & Pourtois, 2004). The practice block was repeated 
until at least 80% accuracy was reached, which usually required one repetition. 31
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Figure  depicts an excerpt of the stimulus sequence. 
Each trial started with a cue (500 ms), which instructed the participant as to 
the upcoming task. The cue (approximately 2° x 0.4°) was either the word NATUR 
(German for ‘nature’) or the word NAME (German for ‘name’). The ‘nature’ cue 
indicated that the participants had to make a ‘living/non-living’ decision regarding the 
depicted object; the ‘name’ cue required the grammatical gender of the object’s name 
based on the definitive determiner (‘der’ or ‘die’) of the first correct name to come to 
their mind after seeing the picture. This particular covert naming task has been used 
in two of our previous studies (Martinovic, et al., 2008a; Martinovic, et al., 2008b). 
The response times obtained by such a grammatical gender decision task were found 
to correlate well with overt naming times. The participants were instructed to perform 
a grammatical gender judgment on the object’s name, based on the German-language 
definitive determiner (“der” for masculine or “die” for feminine) of the first correct 
name that came to their mind after seeing the picture. Grammatical gender is a lexical 
property of words and is often used in implicit naming paradigms in psycholinguistics 
(e.g., Schmitt, et al., 200). This syntactic task is well suited to the German language, 
which contains three genders: masculine, feminine and neutral. 
The cue was followed by a randomized 500-800 ms baseline period, during 
which a fixation cross (0.3° x 0.3°) was presented. 
This was followed by a stimulus picture, which was displayed for 650 ms. 
Images of objects subtended a visual angle of approx. 3.7° x 3.7°. Stimulus onset was 
synchronized to the vertical retrace of the monitor. 
After 650 ms, the stimulus picture was replaced by the fixation cross, which 
remained on the screen for a period of 550ms. 
Finally, an ‘X’ was shown for 900 ms, indicating to the participants that the trial 
was over and that they could blink. 
Participants were instructed to react as quickly and as accurately as possible and 
to press one key for a ‘living’ or a ‘masculine’ stimulus and another key for a ‘non-
living’ and a ‘feminine’ stimulus. Key-to-task allocations were not counter-balanced 
due to the over-learned order of grammatical gender (‘der’ coming before ‘die’); 
indeed, our pilots had shown that counterbalancing grammatical gender interferes 
with task performance. Half way through the experiment, participants were asked to 
change the responding hand. Participants were instructed to minimize eye movements 
and blinking during the display of a stimulus or the fixation cross. 
Figure 1: Trial outlook32
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From the stimulus pool of 380 images, 304 were presented twice, with one or 
two intervening items (the number of intervening items was randomized), while the 
remaining 76 were used as fillers. Filler items were introduced to avoid expectations 
regarding the second presentation and were not further analyzed. Recurring pictures 
were either repeated with the same task requirements (no-switch) or with a different 
task (switch). This resulted in a 2x3 design comprising the factors of task (covert 
naming or living/non-living) and presentation (first presentation; second presentation 
with switching; second presentation without task switching). 
In short, 76 objects were named in both presentations; 76 objects were categorized 
in both presentations; 76 objects were first named and then categorized; 76 objects were 
first categorized and then named. Therefore, the experiment itself consisted of 684 
trials (608 experimental trials and 76 filler trials). These were distributed over 6 blocks, 
each one lasting approximately eight minutes. The assignment of stimuli to conditions 
was randomized and counterbalanced across the sample in order to ensure that each 
image was displayed in each priming condition an equal number of times. Thus, in our 
sample of 20 participants, each picture was assigned to be named twice by a group of 
5 participants, categorized twice by another group of 5 participants, first named and 
then categorized by another 5 participants, and first categorized and then named by the 
last 5 participants. This was achieved through a script written in Matlab (Mathworks, 
Natick, Massachusetts) which created stimulus presentation lists for the entire sample 
while taking into account all the relevant factors regarding the assignment of stimuli 
to conditions and random presentation of stimuli. These presentation lists were then 
loaded at the beginning of the experiment by a script written using a MATLAB 
Toolbox, which also controlled the precise visual presentation and response-recording 
timings (Cogent; www.vislab.ucl.ac.uk/Cogent/; Mathworks, Natick, Massachusetts). 
Importantly, stimulus repetition was task-irrelevant and thus fulfilled the operational 
criteria of implicit mnemonic processing (see Gruber & Muller, 2006).
 
EEG Recording
EEG  was  recorded  continuously  from  28  locations  using  active Ag-AgCl 
electrodes  (BioSemi  Active-Two  amplifier  system;  Biosemi,  Amsterdam,  The 
Netherlands)  placed  in  an  elastic  cap.  In  this  system  the  typically-used  ‘ground’ 
electrodes in other EEG amplifiers are replaced through the use of two additional active 
electrodes, positioned in close proximity to the electrode Cz of the international 0-
20 system (Jasper, 958): Common Mode Sense (CMS) acts as a recording reference 
and Driven Right Leg (DRL) serves as ground (Metting Van Rijn, et al., 990, 99). 
Horizontal and vertical electrooculograms were recorded in order to exclude trials 
with blinks and significant eye movements.
EEG signal was sampled at a rate of 52 Hz and was segmented into epochs 
starting 500 ms prior and lasting 500 ms following picture onset. EEG data processing 33
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was performed using the EEGlab toolbox (Delorme & Makeig, 2004) combined with 
in-house procedures running under the Matlab (Mathworks, Natick, Massachusetts) 
environment. Artifact correction was performed by means of ‘statistical correction 
of artefacts in dense array studies’ (SCADS; Junghoefer, et al., 2000). It is widely 
accepted in the field and has been applied and described in several publications (e.g., 
Gruber, et al., 999; Martinovic, et al., 2007; Muller & Keil, 2004). All incorrectly 
answered trials were excluded prior to data analysis. The average rejection rate was 
22.8 %, resulting in approx. 53 remaining trials per condition. Further analyses were 
performed using the average reference.
Behavioural Data Analysis
Response times (RTs) between 400 and 2300 ms, the maximum time allowed for 
responses, for trials with correct responses were taken into further analysis. 
Median RTs for correct items were computed for each participant. Means across 
participants were then computed to obtain a measure of central tendency known as a 
mean of median RT. 
Differences  in  response  times  and  accuracies  between  the  conditions  were 
analyzed with a 2x3 repeated measures ANOVA comprising the factors of task (covert 
naming or living/non-living) and presentation (first presentation; second presentation 
with  switching;  second  presentation  without  task  switching).  Greenhouse-Geisser 
correction was used when necessary due to multiple comparisons. Post-hoc tests were 
performed using Bonferroni-corrected paired t-tests.
Event Related Potentials Analysis
A 25 Hz low-pass filter was applied to the data before all ERP analyses. Based 
on previous findings on repetition priming (e.g., Gruber, et al., 2006; Gruber, et 
al., 2004; Gruber & Müller, 2002) we assessed four ERP components – P, N, L 
and L2. The analysis windows and electrode sites taken into the regional mean for 
each component are shown in Figure 2 (see Results). Mean amplitude within the 
respective time window was calculated for each component and the mean amplitude 
during the period 00 ms prior to stimulus onset (baseline) was subtracted. A 2x3 
repeated measures ANOVA comprising the factors of task (covert naming or living/
non-living) and presentation (first presentation; second presentation with switching; 
second presentation without task switching). Greenhouse-Geisser correction was used 
when necessary due to multiple comparisons. Post-hoc tests were performed using 
Bonferroni-corrected paired t-tests.34
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Analysis of Evoked Spectral Changes
Spectral changes in oscillatory activity were analysed by means of Morlet wavelet 
analysis (Bertrand & Pantev, 994), which provides a good compromise between time 
and frequency resolution (Tallon-Baudry & Betrand, 999). This approach provides 
a time-varying magnitude of the signal in each frequency band leading to a time by 
frequency (TF) representation of the signal. To that end, complex Morlet wavelets g 
can be generated in the time domain for different analysis frequencies f0 according to 
with A’ depending on the parameter σf , specifying the width of the wavelet in 
the frequency domain, the analysis frequency f0 and the user-selected ratio m: 
with
and 
Thus, given a constant ratio m, the width of the wavelets in the frequency domain, 
σf, and in the time domain, σt, changes as a function of the analysis frequency f0.
In order to achieve good time and frequency resolution in the gamma frequency 
range, the wavelet family in this study was defined by a constant m= f0/σf = 7, with 
f0 ranging from 2.5 to 00 Hz in 0.5 Hz steps. This data was subsequently reduced to 
form 2.5 Hz-wide wavelets. 
Evoked oscillatory activity is by definition time- and phase-locked to stimulus 
onset  and  was  analyzed  through  a  transformation  of  the  unfiltered  ERP  into  the 
frequency domain. Evoked GBA has low inter-individual variability and in object 
categorization studies it is usually observed at frequencies between 30 and 40 Hz, 
with maximal activity usually occurring in a narrow time interval around 50-50 ms 
post stimulus-onset (e.g., Gruber, et al., 2004; Gruber & Müller, 2005; Martinovic, 
et al., 2007). Therefore a ±5 Hz range was taken around a central wavelet of 35 Hz 
within a time window of 50-50 ms. For evoked GBA, differences between conditions 
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in the amplitude after baseline subtraction were analyzed by means of a of a 2x3 
repeated measures ANOVA comprising the factors of task (covert naming or living/
non-living) and presentation (first presentation; second presentation with switching; 
second presentation without task switching). 
Greenhouse-Geisser  correction  was  used  when  necessary  due  to  multiple 
comparisons. All post-hoc tests were conducted using Bonferroni-corrected paired 
t-tests.
RESULTS
Behavioural data
Mean accuracy rates were as follows: covert naming on first presentation 83.0 
± .3%; covert naming on second presentation without task-switching 87.5 ± .2%; 
covert naming on second presentation with task-switching 84. ± .7%; categoriza-
tion on first presentation 96.0 ± 0.9%; categorization on second presentation without 
task switching 98.3 ± 0.6%; and categorization on second presentation with task-
switching 94.4 ± 1.1%. A 2x3 ANOVA revealed both a main effect of task (F/1,19/= 
115.59, p<0.001) and of presentation (F/2,38/=11.88, p<0.001). There was also a 
significant interaction (F/2,38/=6.46, p<0.01). Post-hoc comparisons revealed that 
repetition of an image within the same task led to accuracy increases consistent with 
priming both for covert naming (t/19/=3.78, p<0.001) and categorization (t/19/= 4.85, 
p<0.00). This was not the case when a task switch had occurred.
Mean RTs were as follows: covert naming on first presentation 1242 ± 43 ms; 
covert naming on second presentation without task-switching 989 ± 43 ms; covert 
naming on second presentation with task-switching 77 ± 47 ms; categorization on 
first presentation 780 ± 44 ms; categorization on second presentation without task 
switching 73 ± 44 ms; and categorization on second presentation with task-switching 
790 ± 47 ms. A 2x3 ANOVA revealed both a main effect of task (F/1,19/ =207.54, 
p<0.001) and of presentation (F/2,38/=92.61, p<0.001). There was also a significant 
interaction (F/2,38/=33.59, p<0.001). Post-hoc comparisons revealed that repetition 
of an image within the same task led to RT increases consistent with priming both 
for covert naming (t/19/=-11.54, p<0.001) and categorization (t/19/= -6.78, p<0.001). 
However, the results differed if a task-switch had occurred – while RTs for covert 
naming were facilitated (t/19/=-3.00, p<0.01), there was no effect for categorization 
(t/19/=0.79, n.s.). Also, the reduction in RT when covert naming was preceded by 
categorization was lower than the one brought about by priming wherein no task-
switching was involved (t/19/=-10.78, p<0.001).
Overall, the amount of priming with covert naming on both presentations was 
253 ms. In cases where categorization was performed on the same image twice, the 36
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reduction in speed amounted to 67 ms. Finally, when covert naming was preceded by 
categorization, a reduction of 65 ms was obtained. 
Event related potentials
Figure  2  depicts  the  ERPs.  Table    summarises  the  outcome  of  statistical 
analyses. 
Figure 2: a) Grand mean baseline-corrected ERP waveform at P1/L1/L2 sites averaged across 
electrodes. Shaded areas indicate components of interest. b) Scalp topographies of P1, N1, L1 
and L2 components reflecting grand mean data averaged across all conditions. 
Note: different voltage scales.
Traditionally (although not always), EEG researchers plot negative voltages upwards and positive 
voltages downwards on the y-axis. Boxes indicate electrode sites included in the regional mean.37
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Table 1: ERPs: outcome of statistical analyses of components
Time 
win-
dow 
(ms)
Main effects Post-hoc Analyses for Repetition
Task Repeti-
tion
Task x 
Repeti-
tion 
interactio
Naming 
without 
switch
Naming 
with 
switch
Categoriza-
tion 
without 
switch
Categori-
zation 
with 
switch
P1
00-
40
F (,9) 
= 3.47,
p = 0.08
F (2, 38) 
= 0.86, 
n.s.
F (2, 38) 
= 0.15, 
n.s.
/ / / /
N1
50-
90
F (, 9) 
= 4.34, 
p < 
0.05 *
F (2, 38) 
= 11.97, 
p < 0.00 
**
F (2, 38) 
= 0.97, 
n.s.
t (19) = -
4.26, p < 
0.00**
t (19) = 
-3.2, p 
< 0.0*
t (19) = 
-.76, n.s.
t (19) = 
-3.56, p < 
0.0*
L1
220-
300
F (, 9) 
= 3.68, 
p = 0.07
F (2, 38) 
= 23.33, 
p < 0.00 
**
F (2, 38) 
= 1.92, 
n.s.
t (19) = -
4.62, p < 
0.00**
t (19) = 
-4.6, 
p < 
0.00**
t (19) = 
-4.56, p < 
0.00**
t (19) = 
-4.93, p < 
0.00**
L2
360-
420
F (, 9) 
= 6.32, p 
< 0.05 *
F (2, 38) 
= 1.97, 
n.s.
F (2, 38) 
= 2.07, 
n.s.
/ / / /
The P component was maximal at occipital sites between 00 and 40 ms. 
There was no effect of repetition and no interaction of repetition and task. There was 
however a tendency for a higher P when a covert naming task had been cued. 
The N component was maximal at temporo-parietal sites, from 50 to 90 ms. 
It showed significant effects of both task and repetition. There was no interaction of 
these factors. N was more negative for covert naming; it also showed an enhancement 
when the objects had to be named on second presentation, both with and without 
task-switching. For categorization, a significant enhancement of the N1 for second 
presentations of the same objects was present for task-switching (i.e., when covert 
naming preceded it). There was no significant effect for categorization without a task-
switch.
The L component was maximal at occipital sites from 220 to 300 ms. It showed 
a tendency for increases for the covert naming task and a highly significant effect of 
repetition, without an interaction. 
The L2 component was maximal at occipital sites from 360 to 420 ms. It was 
consistently higher for covert naming than for categorization. It did not show any 
effects of priming and no interaction between the factors.
Evoked Spectral Changes
Figure 3a shows evoked GBA grand mean baseline-corrected time-by-frequency 
plots (TF-plots) across 20 participants for each of the six experimental conditions at 38
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occipital sites. Figure 3b shows topographies and box plots of evoked GBA amplitudes 
for each condition. 
Figure 3: Evoked GBA. a) Grand mean baseline-corrected TF-plots averaged across occipital 
sites. 
Note: different voltage scales. Black boxes indicate the time-window for statistical analysis. b) 
Topography. Grand mean 3D spherical spline amplitude-maps (averages across all conditions) 
based on the ± 5 Hz frequency band centred on the 35 Hz wavelet in the selected time-window. 
Black boxes indicate electrode sites included in the regional mean. c) Box plot of amplitudes. 
Amplitudes are depicted for each condition at the sites of maximal differences during the selected 
time window. Midlines indicate medians, ends of boxes indicate 25th and 75th percentiles, lines 
indicate 0th and 90th percentiles and circles indicate outliers
Evoked GBA showed no main effect of task (F/1,19/=2.02, n.s.) although it did 
show a tendency towards a repetition effect (F/1,19/=3.03, p=0.07). There was no 
interaction (F /1,19/=0.75, n.s.). 
DISCUSSION
The present study investigated repetition priming effects in the human EEG, 
focusing on repetitions within the same task (covert naming or living/non-living 
categorization)  as  opposed  to  repetitions  with  a  task  switch.  Covert  naming  and 
living/non-living categorization were chosen because they would elicit representa-
tional processing at different levels of specificity: entry-level for covert naming as 
opposed to superordinate level for categorization. Thus, the study would allow us to 39
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examine interactions between different levels of representation and to look at different 
ERP markers of processes (low-level image analysis, structural description stage and 
concept access) elicited by the two identification tasks.
Priming effects on accuracy and RTs were obtained for both covert naming and 
categorization if image repetition had occurred within the same task. Priming effects 
were larger for covert naming than for categorisation, in accordance with previous 
findings (for an overview, see Francis, et al., 2008). Consistent priming effects were 
not found when tasks were switched replicating the findings of Gruber et al. (2006) 
but contrary to Francis et al. (2008). In the ERPs, we found that covert naming, 
assessed through a grammatical gender decision task, elicited stronger activity than 
categorization. We also replicated previous findings that perceptual priming effects 
are marked by an amplitude decrease in the L component for all image repetitions 
regardless of task (Gruber, et al., 2004; Gruber & Müller, 2002; Penney, et al., 200, 
etc.). However, our study also found repetition effects at an earlier level: consistent 
N enhancements were observed when the second task to be performed was covert 
naming. N enhancements were also observed when categorization was preceded by 
covert naming.
A reduction in grammatical gender decision RTs which followed the categorization 
of the same object was observed, without a symmetrical facilitation of categorisation 
by covert naming. This is contrary to the findings of Francis et al. (2008), who found 
small (approx. 30 ms) and symmetrical cross-task priming effects. Differences between 
this study and Francis et al. (2008) are multiple: their behavioural study had a much 
larger number of participants, used overt naming, employed a design with separate 
blocks for different tasks and repetitions and used a different stimulus set (Snodgrass 
& Vanderwart, 980). The locus of repetition priming in picture naming is twofold: 
the first locus is in object recognition and the second is in name retrieval (Barry, et al., 
2006). In our study, it is possible that facilitated RTs reflected only the object category 
prime, without the linguistic component – this is supported by a similar size of RT 
priming when switching from categorization to covert naming as for categorization 
without task-switching (approx 70 ms). However, it is also possible that covert verbal 
encoding had occurred on classification trials and resulted in the observed priming 
asymmetry. Further studies contrasting blocked and event-related designs would be 
necessary in order to determine the universality of RT priming effects across levels 
of specificity.
Accuracy differences (approximately 85% correct for covert naming, 95% for 
categorization) demonstrated that the covert naming task was much more difficult to 
perform on pictures than the categorization task, which is in accordance with Carr et 
al. (982). Furthermore, consistently enhanced early visual ERPs (tendency for P, 
N1) during covert naming are indicative of the fact that this increased difficulty was 
related to visual-perceptual processing. Effects of additional language processing that 
would need to occur in order to perform the covert naming task would not be expected 
to influence ERPs whose latency is shorter than approx. 200 ms, as that is when effects 
delineating conceptual to syntactic processing are usually observed (Schmitt, et al., 40
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200). One should not discard the role of attention either – it is possible that the 
tendency for enhanced processing at P1 level, reflecting the earliest perceptual stages 
of spatial frequency analysis and edge segmentation, was brought about by greater 
attentional effort when cued to perform the covert naming task. 
Implicit memory effects at the level of the L component (220-300 ms) can be 
considered a very robust marker of perceptual priming, as they were again found to 
occur irrespective of task demands. However, we also found earlier priming effects 
– they occurred when the repeated object had previously been covertly named or was 
to be subsequently covertly named. These effects are not present when categorization 
was performed both times, replicating Gruber et al. (2006). N repetition enhancement 
effects have been obtained in a previous study that utilized an orientation task or an 
object utilization task which encouraged the analysis of 3D structure of an object 
(Soldan, et al., 2006). Visual discrimination processes are considered to be reflected 
by the N1 component (Vogel & Luck, 2000); in object identification, it is linked to 
lower order image classification such as perceptual grouping (Schendan & Kutas, 
2007). Its sources reside in posterior ventral areas, most notably the lateral inferior 
occipital cortex and the posterior fusiform gyrus (Rossion, et al., 2003). Performance 
of a covert naming task which requires detailed analysis of the object’s part-structure 
in order to successfully access its entry-level category has very likely been facilitated 
by the initial perceptual processing of the object image. Similarly, performance of a 
covert naming task entails a more extensive analysis of structural features of objects 
and thus leads to an enhanced processing at N level when the same object is presented 
for the second time irrespective of the task.
Gruber et al. (2006) also observed a suppression of the induced GBA, but only 
if the repetition had occurred within the same task. Induced GBA is a high-frequency 
signal that can be observed in single cell recordings, EEG and magnetoencephalogram 
(MEG); it has been related to cortical object representation in numerous studies (e.g., 
Busch, et al., 2006; Tallon-Baudry & Betrand, 999) and shows reliable repetition 
suppression effects (Gruber, et al., 2004; Gruber & Müller, 2005). However, a recent 
study by Yuval-Greenberg et al. (2008) has indicated that microsaccadic or small 
saccadic eye movements can contaminate induced GBA in scalp recordings. According 
to these authors, eye movement-related activity is in fact a significant contributor to the 
often observed parieto-occipital peak in object identification studies. Yuval-Greenberg 
et al. (2008) suggest that the majority of experimental findings on induced GBA can 
be  explained  through  ocular  activity.  However,  it  is  doubtful  that  modulations  of 
eye movement patterns can explain all of the findings on induced GBA so far (for a 
discussion on this topic, see comments to the Yuval-Greenberg et al. article at http://
www.cell.com/neuron/viewComment/  S0896-6273(08)0030-2). A  recent  study  by 
Leek and Johnston (2008) found that same regions of objects are fixated between 
learning and test phases, so eye movement changes are unlikely to lie behind repetition 
priming effects in induced GBA. Currently, several approaches are being developed 
for obtaining artifact-free induced GBA. However, reliable methods for the removal of 
potentially artifactual activity due to eye movements are not yet fully tested. 41
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In conclusion, evidence was found for mutual representational overlap between 
entry-level and superordinate categorization. In the behavioural data, the overlap was 
indicated by a facilitatory effect of categorisation on subsequent covert naming. In the 
N, cross-priming effects demonstrated that more thorough object structure analysis 
processes involved in picture naming could be utilised by both tasks. Entry-level 
recognition was accompanied by enhancements in event-related markers (N, L2), 
pointing towards more in-depth structural analysis of the image and a deeper semantic 
processing. Repetition suppression in the L was again observed in all conditions, 
indicating that a common perceptual process lay behind priming effects and was 
independent of task-switching. Early components mostly reflected changes in lower-
level visual processing leading to perceptual grouping and structural analysis of the 
objects, while late components (200 ms onwards) indicated changes that relate to 
implicit memory of objects and their semantic processing Thus, our findings support 
the Francis et al. (2008), who argue for sequential processes in object representation 
which  can  be  more  or  less  extensive,  due  to  different  demands  of  classification 
and naming tasks on perceptual and semantic processing. Further interpretation of 
task-related differences on the basis of our findings is complicated by the fact that 
our  grammatical  gender  decision  task  involved  different  types  of  perceptual  and 
mnemonic processing than those found for simple living/non-living categorization. A 
study with more closely matched tasks which maintain the same level of specificity 
(e.g., comparing indoors/outdoors and living/non-living judgments) would be needed 
in order to analyze the extent of task-switching in isolation. 
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PRIMOVANJE KATEGORIZACIJE OBJEKATA U OKVIRU 
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Indentifikacija  predmeta  se  odvija  na  različitim  nivoima  specifičnosti:  od 
nadređenog (npr. životinja), preko osnovnog (ptica) do podređenog nivoa (vrabac). 
Odabrani nivo identifikacije zavisi od zadatka i konteksta. Međutim, u kom odnosu 
stoje ovi različiti nivoi reprezentacije? Da li se oslanjaju na istovetni niz procesa 
koji vode do uspešne identifikacije predmeta? U prikazanoj elektroencefalografskoj 
studiji  koristili  smo  eksperimentalnu  paradigmu  sa  dva  alternirajuća  zadatka  (1) 
implicitno imenovanje ili (2) odluka o tome da li je predmet iz živog ili neživog sveta. 
Slike predmeta ponavljane su ili sa istim zadatkom, ili sa promenom zadatka: od 
implicitnog imenovanja ka odluci živo/neživo i obratno. Dok implicitno imenovanje 
obuhvata ulazni nivo (tj. mešavinu osnovnog i podređenog nivoa), sud o tome da li 
je nešto živo ili neživo zasniva se na nadređenom nivou klasifikacije. Bihejvioralni 
podaci pokazali su jasne efekte primovanja unutar oba zadatka. Međutim, pri promeni 
zadatka, primećene su asimetričnosti: primovanje vremena reakcije je bilo prisutno 
samo kod implicitnog imenovanja. Takođe je pokazano da implicitno imenovanje 
rezultira većim procentom netačnih odgovora i biva praćeno povećanim evociranim 
potencijalima.  Porast  evociranih  potencijala  težio  je  da  započne  veoma  rano,  u 
okviru prozora vizuelnog P1 potencijala, i obično se nastavljao tokom prvih 450 
ms procesiranja. Ovakvi nalazi sugerišu da je zadatak implicitnog imenovanja bio 
teži i da je zahtevao intenzivnije perceptivno i semantičko procesiranje. Perceptivno 
primovanje, pri ponovljenoj prezentaciji objekta, očitovalo se u doslednom sniženju 
L komponente (220-300 ms), bez obzira da li se promena zadatka odigrala ili ne. 
Dakle, Modulacije L su u direktnoj vezi sa procesima koji se odigravaju prilikom 
implicitnog pamćenja predmeta. Dodatni efekti pri ponovljenoj prezentaciji primećeni 
su u pri evociranoj aktivnosti koja se javlja rano, već između 150 i 190 ms (N1) u 46
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slučajevima kada je ponovljena slika bila imenovana prilikom prve prezentacije. Iz 
toga zaključujemo da razlike u N1 ukazuju na izmene u samom procesu identifikacije, 
koje su u vezi sa samim zadatkom i procesom perceptualnog enkodiranja objekta 
koji zadatak zahteva. Slicno tome, povećanja evociranih potencijala za implicitno 
imenovanje primećuju se i u kasnijem intervalu (L2, 360-420 ms), ukazujući na 
dublje semantičko procesiranje. Ovi rezultati pružaju argumente u prilog preklapanja 
različitih vrsta vizuelnih reprezentacija: promene u evociranim potencijalima počinju 
rano  i  otkrivaju  zajedničke  procese  na  nivou  strukturne  analize  predmeta  (N1). 
Takođe, postoji razlika između perceptivnih i semantičkih procesa u zavisnosti od 
zadatka tokom obrade identiteta objekta, pri čemu je procesiranje intenzivnije kod 
implicitnog imenovanja. 
Ključne  reči:  implicitna  memorija,  promena  cilja,  vizualno  predstavljanje 
objekata, EEG, ERP
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